Purpose: This paper investigates the dynamic interaction between the real estate market and the macroeconomic environment of China by use of dynamic coherence function based on co-spectral analysis.
Introduction
The fluctuation in the real estate market not only involves all levels of society and attracts great concerns from the academic circles, policy makers, economic and financial institutions, but also affects the economy and makes the decision-makers feel anxious. China now is in the process of economic growth and urbanization, the real estate market develops very fast and plays a significant role in the national economic development, so having a good knowledge of the interaction between the real estate market and the macro-economy is of great theoretical and practical importance.
It is generally recognized that, both China and the Western countries take price stabilization as the main goal of monetary policy, but fail to avoid asset price bubbles at the same time. The assets price is not only regarded as the information interference source, but also serves as the information shock transmission channel. The housing as collateral for loans has a considerable effect on the value of other financial collaterals. Therefore, it is important to analyze the effect of the monetary policy on the asset price, especially on the real estate.
The real estate market crisis may exert a great influence on the economy, and the housing price crash is a decisive event to many financial crises, so the policy maker shall pay attention to the effect of the real estate market boom and bust on the fluctuations in economic operation. Although the monetary policy affects the housing price significantly, Mishkin (2007) doesn't think the monetary policy should focus too much on the housing price because it is difficult for the Central Bank to identify the real estate bubbles. He suggests that the housing prices for the monetary policy should be limited to their forecast results of inflation and employment.
Many studies try to explain the relationship between the real estate market and the macroeconomy by using a variety of tools, and the macroeconomic factors mostly involve the income, unemployment rate, rate of inflation, population size, and construction cost, etc. Most of the studies come to the conclusion that economic fundamentals provide a good explanation of the fluctuations in the real estate price. Clapp and Carmelo (1994) make a study of three cities of the United States and the results show that the economic fundamentals can well predict the price trend of real estates, and the expected rate of inflation and the unemployment rate have a marked effect. In addition, Capozza, Hendershott and Mack (2002) and Bharat and Zan (2002) also come to the conclusion that the real estate price is mainly affected by the economic fundamentals in the long term. Allen and Carletti (2010) find that the housing price and the macroeconomic environment are in associated movement, and the relatively easy monetary policy is generally found before there is a rise in the price of real estate. Through dynamic stochastic general equilibrium (DSGE) model, Iacoviello and Neri (2010) find out that there is a close relationship between the economic activities of United States and the housing market.
Based on America's quarterly data from 1959 to 1999, Gauger and Snyder (2003) investigated the long-term relationship between residential investment, interest rates or money supply (M2) and GDP before and after financial deregulation by utilizing cointegration analysis, vector error correction model and impulse response function. They found that before deregulation the short-term interest rate shocks significantly affect residential investment, but after deregulation the long-term interest rate shocks significantly affect residential investment, while residential investment significantly affects GDP. Besides, based on America's quarterly data from 1959 to 2007 , Miles (2009 investigated the long-term relationship between residential investment and American economy by VAR. He found that residential investment plays an important role in American economic cycle, especially since the financial deregulation and innovation in 1980, residential investment has promoted both consumption and non-residential investment, and so government's future policies should pay more attention to the impact of residential investment to the economic cycle.
Some other literature studied the relationship between non-economic fundamentals and real estate prices. Non-economic fundamentals focus on the relationship between various control policies such as monetary policies, credit policies, land policies, security-housing policies and tax policies and real estate prices. It showed from Goodhart and Hofmann (2008) studied of 17 developed countries that loose monetary policies led to the rise in real estate prices.
We noted that a lot of existing literature generally studied the relationship between real estate market and macro economy by using empirical models such as VAR model. For example, Bjornland and Jacobsen (2010) studied the interaction between house prices in Norway, Sweden and UK and macroeconomic characteristics by using VAR. They found that unexpected interest rates played a key role in housing price and increase of housing turnover, and almost get instant results, which give prominence to their role as a transmission channel of monetary policies. McCue and Kling (1994) studied USA securitization Real Estate Investment Trust (REITs) market by using non-limiting VAR, and they believed that 60% of real estate price changes could be explained by macro economic factors. By using FVAR framework, Croux, Forni and Reichlin (2001) found that in South Africa the response of actual price growth to positive monetary shocks is negative and the reaction of housing prices depends on market segmentation. Ling and Naranjo (1997) studied the sensitivity of American commercial real estate returns to macroeconomic risk by using the multi-factor asset-pricing model. The main results show that term structure of interest rates, real per capita consumption growth rate, actual interest rate of treasury bonds and unexpected inflation rate will affect the return on commercial real estates.
Chinese literature on real estate tends to focus on monetary policy, but the results are controversial. By using VAR method, Hui and Ruidong (2013) believed that the main factors for house prices lie in the real estate regulation policies, including land policies, security housing policies and deposit reserve rates. Bin and Qingyun (2011) held that real estate cost shock is the main reason for real estate price fluctuation; at the same time, monetary policies should remain relatively moderate. Laifu and Feng (2007) believed that money supply and interest rate shocks have positive effects on China real estate prices by using VAR model. Previous researches have some shortcomings. For example, it does not consider the dependence between nonlinear series, but the latter is crucial to avoid the deviation of results.
Secondly, at least, in theory their methods cannot distinguish short-term and long-term dynamic association between real estate and macro economy. In this paper, we proposed a new method of experience to overcome these shortcomings. Under normal circumstances, spectrum framework is used for analysis of synchronization and dependency of economic cycle and international market. This paper analyzes the degree and scope of interaction between Chinese real estate market and macroeconomic environment and mainly considers the field of commercial housing. This is because, on the one hand, commercial housing can make a universal influence on asset prices as collateral for loans; on the other hand, the price trends of commercial housing and residential are highly similar (Figure 1 ). We also noted how the dependence of commercial housing on macro economy is essential for return on the investment portfolio. Moreover, commercial housing price is equally important for analysis of economic meaning of public policies. In addition, because China has no real estate fund market currently and the shortterm volatility of stock market is high, this paper does not consider the real estate stock as an agent variable for the study of real estate securitization market.
The research in this paper is based on the dynamic coherence function (DCF) method in spectrum analysis. To the best knowledge of the author, the method is first used to measure the degree of interaction between Chinese real estate market and macro economic variables. DCF method has advantages over ordinary time series methods. It takes into account not only the dynamic dependence between time series; more importantly, this measurement is suitable for non-stable time series. Therefore, the main contributions of this paper lie in: firstly, we study related patterns for different economic variables by dynamic coherence functions based on co-spectral method, which can identify the convergence properties of synchronization degree of covariance of different variables. To the best knowledge of the author, it is the first time to apply this method to the real estate market. Secondly, in theory, this method can be used to analyze dynamic interaction in different (long and short) time spans. This feature is valuable for portfolio diversification and understanding of conduction mechanism. In addition, it can avoid the deviation caused by VAR model hypothesis. Finally, DCF method used in this paper is very suitable for non-stable time series, we do not need to make any pretreatment on the stability of data so as not to cause any loss of information due to the requirement of data smoothing. 
Theoretical Model
The paper adopts the dynamic coherence function used for spectral analysis to measure the dependence of real estate market on the macro-economy, which mainly purports to make allowance for the nonlinear transmission mechanism between the real estate market and the macroeconomic variables. Both the evolutionary co-spectral analysis and the dynamic coherence function (DCF) are briefly described as follows.
The time series method is the most commonly used tool for studying the relevancy between series, provides an instantaneous degree of relevancy between two time series and describes the change of related mode with time. However, there are some weaknesses in the time series method, e.g. it fails to evaluate the change of relevancy of series with time. This limitation can be solved by means of spectral analysis, so as to understand the dependence between series.
To be specific, low frequency can be set if long-term characteristics of series need to be observed. And high frequency can be set if short-term ones need to be observed. In this way, the shock response may be evaluated from various time spans.
There are many applications of spectral method in analyzing the interaction between the real estate market and the macroeconomic environment because the spectral method is independent of any non-trend technology and thus avoid the possibility of spurious regression.
Second, it helps us apply the coherence function to the non-stationary series. Third, it is capable of identifying the dependence of different time spans of series. In other words, we can use it for observing the dependence degrees of short, medium and long terms. Such identification is very important for the policy makers because they can adjust their decisions according to the economic conditions.
To analyze the bivariate stochastic process by using the spectral method, Priestley and Tong (1973) expand the evolutionary spectral analysis theory for two-dimensional non-stationary process, and suggest using it for studying the co-variation of two non-stationary series. Ftiti (2010) provides a strict mathematical description of dynamic coherence function (DCF) for the non-stationary process.
Considering a two-dimensional discrete parameter stochastic process {X(t), Y(t)} which will be demonstrated in next section, X(t) a n d Y(t) respectively refer to the corresponding macroeconomic variable and the real estate price growth rate. X(t) and Y(t)can be expressed in the following formula, where At,X is absolutely integrable, Specifically (refers to Fourier transform),
} respectively. Define the evolutionary power cross spectrum at time t as the corresponding function family FX, FY, and dHt,XY is
And then, if {X(t), Y(t) } is a bivariate stationary process, then FX and FY can be expressed in a complex exponential function family, i.e., F X ≡F Y ≡{e ivt } , and dHt,XY degrades into the crossspectral classical definition. Therefore, for each t, the following formula can be obtained
dHt,XY is a complex number, and according to Cauchy-Schwarz inequality, the following can be deduced 
Where, dHt(w)=At(w) 2 dm(w), and the instantaneous variance of X(t)is as follows
Therefore, for the bivariate process {X(t) , Y(t)} as described above, each component has an evolutionary spectral density function in the form of formula (1) and (2) of which the timevarying cross spectrum can be directly defined as Ht,XY,
The estimation of dynamic coherence function as described below is partly derived from Ftiti (2010), and the paper considers the discrete process only. According to Priestley and Tong (1973) , the evolutionary cross spectral density function can be expressed by the real part and the imaginary part together, i.e.
ht,XY
Where, Ct, XY(v)=R{ht,XY(v,t)} and Q(v)=I{ht,XY(v,t) } are real-valued functions, and are the evolutionary co-spectrum and quadrature spectrum respectively. If the probability measures mXX(v) and mYY(v) are absolutely continuous, the evolutionary auto-spectrum density functions ht, XX(v,t) and ht,YY(v,t) can be defined in a similar way through Ftiti (2010) . In this way, the coherence function may be defined as follows
In fact, the coherence function Ct,XY(v) describes the degree of correlation of two stochastic processes at each frequency, that is to say, it confirms how much output signal Y(t) comes The cross-spectral density function is expressed in the following formula:
Where,
The estimation of dynamic time-varying coherence function can be deduced from the estimation of the dynamic cross-spectral density function and the auto-spectral density function of X(t) and Y(I). Therefore, the estimation of dynamic coherence function is as follows,
Empirical Analysis
The paper adopts the quarterly data of 2000 to 2014 to estimate the above model. The selection of macroeconomic variables mainly considers the implementation of monetary policy and the economic conditions, and makes allowance for the indicators which are regarded as a significant effect on the real economy by the previous papers, including economic growth rate, inflation rate, interest rate, money supply M2 growth rate, and accession rate. Some papers directly select real estate price and M2 value for studying the relationship between the real estate price and the macroeconomic variables, but this paper employs the real estate price year-on-year growth rate and M2 year-on-year growth rate in empirical calculation after comprehensive consideration.
The paper takes the earning rate of 10-year treasury bonds as the proxy variable of the longterm interest rate, and the 3-month interbank offered rate as the proxy variable of the shortterm interest rate. The above earning rate of 10-year treasury bonds comes from wind database while other macro-economic quarterly data and real estate data are all from Ceinet database. The real estate price is equal to the commercial housing sales amount divided by the sales area, and its year-on-year growth rate is employed. The inflation rate adopts the CPI year-on-year growth rate; the economic growth rate adopts the GDP year-on-year growth rate, while the accession rate is obtained by dividing the annual newly-increased employment quantity by the total annual employment quantity. We use the Matlab software for empirical calculation. The descriptive statistics of each variable is provided in Table 1 . See Figure 2 for the variation trend of each macroeconomic variable.
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In fact, the GDP growth is an index which may affect the earnings of real estate market and equity securities while the employment growth indicates good economic conditions and consumer behaviors. The long-term interest rate exerts an influence on both the real estate and stock markets through the collateral loan and the present value of expected future cash flow while the short-term rate of interest serves as a wind vane for short-term monetary policy and borrowing cost. The inflation rate is an important purpose of monetary policy, and also a significant component of investor selection and expectation. The money supply influences the real estate market by means of the whole economy. It may have a positive effect on the investment in real estate, but it may cause adverse impacts due to inflation expectation and uncertainty. China's real estate market experiences a shorter time, so the paper mainly considers the short-term (semiannual) effect of macroeconomic variables on the real estate market, that is to say, only consider one short-term frequency p for bivariate stochastic process, equivalent to two quarters. To be specific, the time span is 2 π λ of which l refers to frequency. Then, the given frequency is p, so the defined time span 2 π π =2 quarters, i.e. half a year. If the effect of longer time span needs to be considered, then the frequency may be adjusted, e.g. set λ = π 10 to obtain a 5-year long-term effect.
Figures 3 to 8 report the coherence functions respectively of commercial housing price growth rate and macroeconomic variables. Seen from Figures 3 to 8, the long-term interest rate, employment rate, money supply and real estate price have a high DCF value, the DCF value of the economic growth rate, inflation rate and real estate price is moderate, while that of short-term interest rate and real estate price is small. The above results are explained as follows.
Change of interest rate can affect real estate prices through direct interest-rate channel and indirect credit channel. Theoretically speaking, on one hand, the transmission of monetary policy is completed through interest rate, so as to affect real estate prices; on the other hand, under the imperfect conditions of financial market, the availability of bank credits plays important role in the transmission process of monetary policy. Interest rate will generate direct influence to the state between supply and demand in the real estate market; high interest rate will lead to increase of costs by fund users and decline of real estate demand, which will further cause decline of real estate investments and real estate prices. Credit channel usually reflects more significant transmission effect of monetary policy in real estate market, housing demand is closely correlated to the asset & liability status of house-purchasing families, which is reflected in form of down payment requirement, advance payment of transaction expenses and loan repayment ratio. The other reflecting form of credit channel is financial accelerator effect, which means any endogenous change of credit market (such as net asset and pledge)
will have increased impact effect on the real estate market.
This paper found through demonstration that the DCF between short-term interest rate and real estate price is relatively low, which means housing prices are not easily affected by fluctuation of short-term interest rate, tendencies of the two are relatively independent. The reliance of real estate market on short-term interest rate is not significant, when attempts are made to prevent real estate bubbles, short-term interest rate is not an important policy tool.
The DCF between long-term interest rate and real estate price is different from that of shortterm interest rate, it can be seen from Figure 5 that the long-term one has relatively higher correlation than that of short-term one. The correlation of long-term interest rate had obvious increase before 2006 and after 2012, and deviated from the correlation of short-term interest rate. The main cause of deviation between the correlations with the long-term interest rate and short-term interest rate is that the central bank usually could directly adjust short-term interest rate, but has very limited influence on long-term interest rate; long-term interest rate depends on inflation expectation and investors' demand on bonds as well as other factors.
Therefore, as for influential factors on real estate prices, long-term interests are more important than short-term interest rate.
Real estate price is considered as one of the channels for monetary policy to influence economy through influencing asset prices; such influence is realized through the family wealth effect for total demand on real estates and direct influence effect on housing expenditures. Figure 7 indicates that real estate market has relatively high correlation between real estate market and employment growth, which means that Chinese real estate market is more sensitive to the factors driving economic growth. Such high-level reliance reflects the importance of employment rate in the implementation of monetary policies, because it is one of the main goals of Chinese monetary policies. When employment rate increases, DCF level is relatively low; while employment rate declines, the DCF level between real estate market and employment growth will be relatively high. This also indicates that during economic downturn, the correlation between real estate market and employment growth is more significant, and reflects that employment growth is an important indicator relating to economic situation.
Decline of employment growth has negative influence on purchasing power and consumption, which directly affects economic growth. Employment rate is also a key indicator for house construction activities in the future, house construction determines supply, while employment growth determines demand. Low employment rate means relatively few office space demand and relatively low rent level, then further reflect on the decline of estimated real estate prices.
Therefore, relatively low employment growth in fact leads to decline of housing prices. But from the perspective of long-term, higher-level employment growth determines the adjustment of supply and demand of real estate.
It can be seen from Figure 8 that the DCF between real estate market and monetary supply growth rate is at relatively high level and obviously higher than the other economic variables.
Chinese monetary policies have always tended to adopt the maintenance of growth of promotion of employment as the main objectives, and haven't paid too much attention on suppression of asset prices. The monetary supply M2 volume in China has always been increasing in recent years, while the investment channels are relatively few compared with that of foreign countries, then the excessive issue of money naturally entered the real estate market, then it's not difficult to understand the high DCF value between housing price and real monetary supply. Although M2 is indeed an important variable to affect housing prices, but another fact worth to be noted that after 2009, the DCF between housing price and monetary supply had the trend of decline. The most important factor that broke the correlation between M2 and housing prices should be the change of house-purchasing behaviors, which depended on two points: first, the change of Chinese population structure. With the increase of aging, the rigid demand for housing is declining; housing prices are growing at slower rate, so the investments in real estate are cooling down. Second, household registration system reform.
With the development of urbanization, house-purchasing behaviors consumers will be determined by work location or other factors, then the housing prices in different places will also have structural changes.
Generally speaking, the key factors that affect economic growth also include capital and total factor productivity besides the foresaid labors. It can be seen from Figure 3 that compared with long-term interest rate, employment rate and monetary supply growth rate, the DCF between economic growth rate and housing price is not very high. However, long-term interest rate level, monetary supply and employment rate will to certain extent be reflected in economic growth indicators; thus, the result of Figure 3 may imply that if deducting the foresaid factors, then the DCF between economic growth and real estate price may be even lower. Housing price has negative influence on total factor productivity, the core influence of housing price on national economy is the direct redistribution of resources, while high housing prices in long term will severely affect the efficiency of resource redistribution, which is not only reflected among enterprises, but also reflected in the entering and quitting mechanism.
As for the entire society and for enterprises, the objective is not total factor productivity and efficiency, but profit; in this way, the continuous and excessively fast housing price increase will allocate resources to real estate and other industries relating to real estate, such structural distortion will cause profit rate and total factor productivity to be upside down.
Reallocation of Chinese resources is very important to economic growth, but such a positive effect has begun to decline since 2004. The rapid rise in housing prices may not be so favorable to growth. We are now faced with another round of housing prices and Chinese housing prices began to change, in which case local government is relatively an incentive and hopes to be able to maintain or even continue the rise in housing prices. However, if prices fall quickly, all national practices and theories tell us that the presentation of financial accelerator effect may also be very dangerous for the whole Chinese economy. For the entire real estate market, too fast price rise or fall is not good. For the whole macro economy, it is an important and difficult problem to build a healthy real estate market for Chinese macro economic development. Figure 4 shows the degree of dynamic interaction between real estate price and inflation rate.
In 2006, DCF of housing prices and inflation rate (CPI) was very high, and then dropped gradually and maintained at a relatively stable level. Industrial material prices will affect the real estate market, while real estate development includes reinforcing steel, cement, concrete, bricks, glass and other raw materials. The rise in real estate prices must pull demand for raw materials and lead to the rise in prices of raw materials. For example, the market price of steel will rise with the increase in demand of reinforcing steel (from real estate), and then all iron and steel related commodity prices will tend to rise, which chain reaction can lead to similar metal commodity prices follow up. Similarly, relevant steel-making coke prices will rise, and the cost for coal related industries such as thermal power generation will increase, so it is possible for consumers to pay more electricity fee. Therefore, we can see the high coherence between inflation and real estate market. However, the factors for inflation are perplexing.
Although real estate price is highly associated with inflation, after all, inflation is only a factor for price, and we cannot say that there exists a decisive effect between them. In fact, in the past 10 years, price rise in many Chinese areas has far exceeded inflation and wage growth.
Conclusions
The previous papers lack common understanding on the relationship between the real estate and macro economy, so this paper further studies the dynamic interaction between China's macro-economic environment and the real estate market. This paper merely considers the short-term interaction between the two due to a short time of Chinese real estate market, but the model of this paper also applies to the long-term interaction between the macroeconomic variable and the real estate market.
The covariant movement between real estate market and macro economy reveals the contact between the two. In fact, Chinese real estate market has relatively high correlation between the change of long-term interest rate, employment rate and monetary supply, while the correlation between inflation rate, economic growth rate and real estate market is on medium level, and the correlation between short-term interest rate and real estate market is the lowest.
We found that the main reason of the deviation of correlation between long-term interest rate and short-term interest rate is that the central bank usually could directly control short-term interest rate, but has very limited influence on long-term interest rate; long-term interest rate depends on inflation expectation and investors' demand on bonds as well as other factors. For the influential factors of real estate prices, long-term interest rate is more important than short-term interest rate. Besides, although M2 is indeed a very important variable to affect housing prices, but the DCF between housing price and monetary supply tends to decline, so the most important factor to break the correlation between M2 and housing price should be the change of house-purchasing behaviors. Actual income is a main driving force to real estate prices, which reflects the transmission effect of wealth to real estate market. In fact, declining employment rate has negative influence on actual income, and reduces purchasing power and house affording ability, which means the decline of the house price-income ratio. Therefore, relatively less expenditure on housing market will occur. On the other hand, decline of employment growth will generate a relatively low actual income, then further reduces family wealth. It reduces the value of pledge and further reduces the receiving of mortgage loan value. According to our research, its DCF has relatively high value, which indicates that such wealth effect plays an important role.
If we rule out the influence of long-term interest rate level, monetary supply and employment rate in economic growth indicators, then the DCF between economic growth and real estate price could be even lower. High housing prices in long-term will severely affect the efficiency of resource redistribution, and will cause the profit rate and total factor productivity to be upside down. Inflation and real estate market has correlation in medium level, but the factors causing inflation are very complex, so there's no determinant relationship between the two.
Although this paper didn't consider the securities market, such as using real estate-type stock as the proxy variable of the American Real Estate Investment Trusts (REITs), because the short-term fluctuation of securities market is high. However, even the structural methods of indexes are different, the overall trend of different real estate indicators are the same. We believe that there's a common trend to drive all the real estate markets, but of course the returns of different real estate markets are different.
For further research, on one hand, we could consider the comparison of dynamic interaction between real estate market and macro economy in foreign countries, such as the US, UK and India. Because the US represents big developed economies, UK represents small developed economies, while India represents big developing economies. On the other hand, many different real estate markets in China could be considered, such as the securities market.
